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This is to certify that tfte following application annexed hereto 
Is a true copy from the records of the Korean Intellectual 
Property Office. 
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1. Q^AI- SAilA1(EB)_m 
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£ ^ ^^l^cf ^i-^ 7>^£ t^^ofl -g-^^i- 

S. 2 


23-3 


1020010008999 2001/5/1 

*>S. x:]^3. ^s^o]^o] &AJ^ A^je. ^ {Apparatus and method for 
performing seek-servo routine of hard disk drive} 

<4> ^ sr>^ 1=1^^ ^efolti. (HDD: Hard Disk Drive)<Hl ^*!- ^j^S.^ , , s> 

= :=el-olw.<HlAi, ^^V^ E^o) ^^1^ «fl = (head)* <^l^Al7l^ ^^n 

<5> ^gfloj :^e]-oiti.o] ^3|i^ ^s^V^^ ^o] 

3.(12), -S-E^Cspindle motor)(14). J^^^^a-^ (transducer )( 16) , ^s]-o]v] 

(slider)(20), ^1= <H ^Ir^l (HGA:Head Gimbal Assembly) (22) , ^^oi]o1e^ oj- 
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(actuator arm)(24), ^*y(voice coil)(26), :^}7] o]^^^ (magnetic 

assembly) (28), ^^]^ 2-^^(30) ^ alH^ ^1-2] (bearing assembly)(32)S ^ 

<7> S. 1* ^Ss:>^, S.E-](l4)o]l S^Sfl ^^^>^ 7]-7] t:]^^3.(12)^ K^il8)<=]] 

>^>7l cl>,3(12) ^ofl 7]^*>7li4 ^#5fl^ ^ SJcf. S^i:=Ai(i6)^ :£ H 

S.^^^^U16)9\- 'U^mm. ^ 9X^ ^5^-o]ti(20)^ :E^>,:^Al(i6)sq- c]^^ ^L^(18) 
^}^]^ i3fl<^1^(air bearing)^ ^^^^>S^ ^ $X-^^ . HGA(22)sq- 

^ <=«i7lA-1, HGA(22)^ s<a(26)* ^^«^1<*1B1 «a-(24)ofl ^3}-^ ^ $1 

o.c^, ^ol>, £Bl(VCM)(30)l- ^^^1-7] ^'^]^ 3.<U(26)^ ^}7] o]^^^ 

(28)<^1 <?1^^ ^ ^1 °fl. 21^1^ 3.<U(26)<^] ^1^^>^ ^^^IrS] 

(32)oll cfl^fl ^^oflolB] 'g-(24)^ Sl^Al^l^ SS7> ^^mJl, ^^oflolB] ^(24)<^1 s] 
nfl t:l>iS S^(18)^ 7>S.^e^ M^^-E-l(16)7f o]^^}^] ^cf. 
<8> ^tiV^ o.^, 7.}7] tq>i^(12)^ M^l:(34) t^^^^^JL, A 

(34)^ ^HV^O.^. ^^711 Si 43]E-ll-# i^3^>D^. Zl" ^B]^ CllolEl. ^ 

5^-^1=1-. o. ^^^^^1^ ^j=(gray code) ^JS.* 3L^t!: 

4. :e^^oi] 7]oj ^#^1-71 ^sflA^ :^^^^^i(i6)7f ci^i^. 

(18)^ ^^-^li^. ^7\^\, ^^^^-11^ 
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<?> noli 2-El(30)7> :^^o11 o]^ o^7]£l:E.^, E ( 16)7]- ^^(18) 

^-f , ^1^(16 ^ 20)^ 7l-#£ ^^[u(t)]^ cf-i- 1:4 S^^cf. 

<10> [^«j-AO 1] 

u(t)=y;(t)+K,[y^(t)-y(t)]+Kp[y^(t)-y(t)] 

<^7lA^, ywCt)^ 7].^s|7is ^^|.^ ^]^(16 ^ 20)^ 7>^£(acceleration 
trajectory)(ol5>, ^S. 7\^^^ ^t^.)!- ^^^^H, ^wW^ ^1 = (16 ^ 20)2] 
o]^ ^£(velocity trajectory)(c>l*>, ^S. tb^-.)* ^^^^JL, y^Ct)^ = 

(16 ^ 20)7f oi:^^>7l» -^^V^ ^^Kposition trajectory)(ole>, ^^lej- tb^-.) 

# M-B]-q]j7, y(t)^ ^1:e.(16 ^ 20)7} 7\7] v]^B.i\2)^^% -g-^^i T^g;] ^ 

^1 ^^1* M-EfiflJL, Kv ^ Kp^ ^£ ^ ^^1 ^^1- z^-zl- M-El-vflji, . ^ c]^ 

^ M-Bl-ifljl. --fe «i 1^1^^ M-Bf^rf. ^<a. ^1 = (16 ^ 20)fi1 7>#JE7> 
sin(t)2l-^, l-cos(t)7]- £]J1, ^^1^ t-sin(t)7> ^cf. 

<12> ^tj-Ai loll 7l7M ^1^(16 ^ 20)21 7>^£ el-^Hl-^(Laplace) 
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^^^^ ^^l[Yw(s)=L{yw(t)}]5l- ^^1 ^^1[Y(s)=Uy(t)}] 

M-EfM-fe ^ol(transient) -§-^ ^^J* 2^4 ^o] s^^^-. 

<13> {^^^ 21 


<14> ^*J.^ 2S.^B\ A]^ ^lol(Td)ol 'O'olB^-^. ^1:E.(16 ^ 20)2] ^^][y(t)]^ 

^1^(16 ^ 20)21 ^^l[y„(t)]» ^^t}7]] «y: ^ 9X^. iis^M-. ^«]:2]o. 

^Efl^l A-li ^1-^]^ ^^>^ ^>7l i:1i3(12)>a-*Hl ^*>^ ^, ^1^ 

^S. ^ = (16 ^ 20)» ol^Al7l7l ^«I1A1, ^^Al 16)1 7|.^;£ i^^^ 

/^l-a-^ 7>^£ ^^-^^ o!j:^6)]clE-l7l- ^^(16 ^ 20)2] J&^l: ^^^1^ 
^m(Td)^ <=>]^m, ^l^(Td) A]^ ^iclo] ^^g^ ^-f . n^^^ 

H 7>^£ ^^[u'(t)]^ c]-^ 33\- ^o] S^^cf. 

<15> [^?}-Ai 3] 

u'(t)=yat-Td)+K,[y^(t-T^)-y(t-T^)]+Kp[y^(t-Td)-y(t-l 

<i6> <^7lA-l, ^s|-Ai 3^ e1-#El->i ^^tb 1=^-^ el-#2l-^ -^^1 ^^l[Y(s)]2l- ^ 

S ^^1[Yw(s)]^>2l v]^s. ^^^^ -§-^ ^5^^^ t:!-^ 4SJ1- ^o] 

<17> [^^A] 4] 

Y^Cs) + s e -'^'^ -H K^e -""-^ 

<18> ^«}-Ai 4S.-^B1 ^ o;^-ol, ^l<a(Td)ol 'O'^l 6>id ^g-f , f^Efl^] A-] 

:a- ^1^(16 ^ 20)21 ^^11- ^^]s. ^^^}7\] ^ 
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#2fl^ ^^ ^j-^i^ ^i^(Td)ofl ^sfl ^tti 

(overshoot)* ^^5^]?^ *ll = (16 ^ 20)* ^^j-^ ^^^^ ^^}^ ^^*) o]^ 

<19> ^ ^^o] o]^ji7.} t}^ 7l#^ 4^1^, ^^tl ^l^(Td)^l:£ Ir^^l-Jl 

71 -S*>^ ^l^O-S ol-^^l^l^ ^^oflolBlS. ^^^Sl^ ^<^1 13}^^^}^^. 
<22> >^7l Cl-^ Sf^Hll- o]=-7l 5r>= 1=1:^13. = e^-o] W.0II . :^^V^ E.^^^ 

^ ^]^o^S. n^.^ <^l^-^l7lfe ^ ^Q:^c]] 9]^ A-iji ^s. ^S. ^ ^S. 

* -^-71 ^t}^ ol^Al7l^ ^:^]S. ol^<H^]^ ^ci] a>^^^>i:^-. 
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<24> £ 2^ ^ ^^<^] ^ia. ^i^ollo]Ei(38)oll cflt!: ^ ^^oll 

^^l[yw(t)] ^ #i[vw(t)]-ac} ^1^>(Tcl') 7>^£[aw(t+Td')] 


^^[uE(t)]# IN^ <^]^«>ji, <a ^-^^fe-i^^ofl 


o^*V ^^1^ <^l*^l7l^ cfl Al^^ o^Dltb 

<26> o] nfl, ofl^ollolBl(38)<Hl i:fl^ ^ ^^<^1 ^tb tt>^^^ ^^1<^1^ ^ 

<27> £ 2^11 S.^]^ ^i^oi]o]Bl (38)51 ^1^71(40)^ 7l-^£ ^^[ugCt)]^ 'a^^^V IN 

1: ^5fl <a^^M ^m(Td')^<L> ^l^^>:a. ^I'?^^ 7>^i[a(t)=y Ct))]^ 

Ai >?lll ^^71(42)3. #^tb^. ^. ^1^71(40)^ ^^^^ e-Td'sS ^^ferl-. o] nfl , 

2l^7](42)fe ^1^7l(40)S.-f-Bl 7>^£[a(t)]» ^^b:>u1. ^31-1- 

^£[v(t)=yW]^A^ 2^^71(44)^ ^^<=>11, ^12 ^^71(44)^ ^^ 

7]U2)S.^B\ ^£[v(t)]l- ^^*>J1, ^ifS- ^ = tfl^V 

^^[y(t)]^>H #^?i:^> OUT# -f-^fl n|-Bl-Al , ^ ;^fl2 ^^7l#(42 ^ 
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44) z]-2^-o^ ^^^^^ l/s*a^ -y: ^ 9X^. 

<28> ^S. ^^l[yw(t)]. ^S. ^S.[y^a)] ^ ^S. 7>^£[aw(t+Td' )]^ ^1:e.7> 

M^oll ZLEflo] S.^^ x^ol-cf 5q«-<H]Ai ;^1a].^C^-. o] i^) , ^Efl^q. 

^el ^ ^^<^1 ^tl: ^^Hl^i >^l-§-=]^ 7|-^£[aw(t+Td*)]^ ^K ^S. 

[v„(t)] ^ ^S. ^^l[yw(t)]-^^- ±^ ^l^KTd') 7}^S. ^^[ugCt)]^ cf-g- 

<29> {^^^ 5] 


<3i> t!-^, £ 2<^1 iEA]^ ^^«^1<^1B1(38)<^1 7>^:£ ^^[uE(t)]^ 

<32> H 3^ ^ ^^^<H1 ^t!: ^^1^ wV^^tb ^ ^^1^1^ IrS^SS^i, ^]o] 

^(50) ^ ^^oflolE](38)S ^^^^t^. 
<33> £ 3<^1 ;^]o^^(50)^ 5i:^5.^E^ «g^^V ^^l[yw(t)], ^S. ^H[v„ 

(t)] ^ ^S. 7>^i[a„(t+Td')]# <^l-g-^H 71-^i ^^Mt)]* 
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^1^-^(50)^ ^'LMCeO). ;*lll ^ ^12 ^^7l(PI :Proportional 
Integral or )!■ (62 ^ 66), ^ ^12 7>/^^7l#(64 ^ 68) ^ 7] (estimator) (72) 

<34> s. 3<H1 ^^1^ ;«11<H^(50)<^1 i^sl^ ^^71(60)^ 

■?1^1[yw(t)]^-¥-Bi ^^y](72)o\]^^ #^5]^ ^1-^^ ^^1 ^^l[yE(t)]l- y^^ty 

JL, 2^^71(62)^ ^] °fl, ulefl >5^^7l(62)^ ^ 

^7](60M^^ ^3l-[y^(t)-yE(t)]* ^J^^H 4^ 631}- ;y-o] wlB^l 

31, til^l ^^1 -a.^^[ppi(t)]^ ^11 7>/^A>7l(64)^ 

<35> 6] 

Ppi(t)=K,X[y^(t)-yE(t)]+K2X J[y^(t)-yE(t)]dt 
<36> o^7lAi, Ki ^ K2^ ^11 til^l 2^^7U62)ofl i^lBl ;^-1^J-£|<^ 6^ :^]^^ ^Sfl 

<37> ;^]i 7}/y^^7](64)^ 6<^1 ^^1 i^?l:[ppi(t)]4 ^S. ^^Mt)] 

# 7>'tl-*>Jl, 7>^^ ^^l-s^El ^^7l(72)<Hl>««^ ^£[VE 
(t)]«- ^^*>J1. ^-a-^ ^4[vw(t) + ppi(t) - VE(t)]# ^12 Hl^l ^^7l(66)S. 

<38> o] nfl, >112 tils^l ^«.7l(66)^ ;Hll 7l-/?}->a-7l(64)oil>H 7>'iV ^ 

^^[Vw(t) + ppi(t) - VE(t)]* 72)- ^o] til^l a^^3:>Jl, al^l ^ 

^tl- ^^"^I :a^?J:[vpi(t)]* ^12 7}/y^^7]i68)S. 
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<39> [^^^ 7] 

Vpi(t)=K3X[v^(t) + ppi(t) - VE(t)]+K4X J[v^(t) + ppi(t) - Ve( 
<40> <^7]^^, Ks ^ K4^ ^12 Hl3l] ^^7l(66H ^]^^S\o] yo^ ^^^a]-^ 

<4i> m 7>/^^^(68)^ ^^^5i:[vpi(t)]2l- 7|.^^[a^^(t+Td')]» ^ 
45.-^^^ ^ 'a (feedforward) 7>^S[wE(t)]» ^^lV^V^, ^^^^ ^^a^ 

(t+Td-) + vpi(t) - WE(t)]l- 7>#£ ^^[uE(t)]-^S.Ai ^^oi]olBl(38) ^ ^^j7l(72)S. 

<42> <^7]^^, WE(t)=K2=K4=0, KiK3=Kp ^ K3=Kv7l- € °fl , ^l2 7>/^^VY(68)S-^Ei 

«Hl<ilBl(38)S. 7>^S. ^^[uE(t)=aw(t+Td') + vpi(t) - w E(t)]^ 5S]- 

<43> tt^, ^^7] (72)^ ;^12 7>/^^V7l(68)<^l^i ^^"el ^^[uE(t)]3}- 

:£ ^ ^^*>Ji, ^^1 ^^1[yE(t)], -g;^! ^£[vE(t)] ^ ^ 

oj. ^oj 7|.^;£[^g(t)]^ ^i-<lM(60), ^]1 ^ ^12 7]-/^^7l#(64 ^ 68)5. ^z^- 
<44> ,^]^ ^o]^ s. 2ofl 3EAl:g ^^oflolEKSS)^ 84 ^^1 

<45> 8] 
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vCt)=UECt-T^)-i-ciCt) 
<'»7> dl(;t) = 0 

^7]^.^, dCt)^ 2fl?3:(disturbance)* M■E^-1^H . d(t)=0^ ^1(^)7]. Aj-^-ojo. 
#H[vE(t)] ^ ^^l[yE(t)]» ^^^^ ^ 9X^. 

<49> 9] 

yE(t)=VH(t)+/i [y(t)-yH(t)] 

<50> 

VE(t)=UE(t-Td)+WE(t) + /2 [y(t)-yE(t)] 

WE(t)=/3[y(t)-yE(t)] 

<53> ^ ^t^ofl ^ aJ.,^o11 '^l-^S]^ ^1^^ ^^1 -S-^ 

^^^^ ^3^^^ m ^o] a^^cf. 

<54> 10] 

y(t)=y;,(t)+K,[y;(t-Td)-y(t-Td)]+Kp[y^(t-Td)-y(t-T,)] 

^Jt ^^][Y„(s)]^Vs1 «1* ^*>^ 4^ 113)- ^ol S^^cf. 
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<56> {^^^ 11] 



<57> 


<58> s. 3o\] ^ ^T^ofl o^tb ^^is^ ;5llol «-(50)<HlAi 7}^S. ^^[UE 

(t)]# ^l-LV^m ^1^, <^11- ^^^7l(72)7> ^^s:>^ ^^J^>^ ^1^. ^11 ^ 

^12 til^l ^^7l*(62 ^ 66)ol til^l 2^^*}^ Al^V, ^^7l(60)ofl^i ^^V*}^ ^]^, ^1 
1 ^ ^12 7}/^^7]9(64 ^ 68)oll^-1 7>^ ^ ^1^. ^^l[yw(n)]. 

#£[v„(n)] 5^ 7V#i[aw(n+l)]7l- ^l^^rSl^ £^ Al^dd')*!! 

1999id 10-i 7<a^l ^i-fl ^^ 1999-43313<^1 711^1^ -f- 

^<^1(Xsk)7> ^o]^ ;g o. s.^ 7].^;£[aw(t+Td')], ^£[vw(t)] ^ 

<60> ^e^M-, ^ ^^<Hl^i^ ^7>^^ Tll^V^o] Al^(Td')^ 'VS. ^H. ^, ^S. 

7>^£[a„(n+l)][<^7lAi, n€- t^l^m^^S. a1^o.^a^^ aas. 7'l-^E(servo 

sample count)* ^n'^^.]7} ^S. ^£K(n)] ^ ^S. ^^1 [yw(n)]icl- 1 

St^iS^ ^ ^cf. 2im^>^, db^ ^1^>(Td')^ ^7l(Ts)5q- 
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n] °fl^o]c].. n)-s}Ai. 7flAl^ s.^^ :^5fl, ^S. 7>^£[aw(n+l)]l- 

<6i> {^^^ 12] 

23iXsK . 2ji(n+l) 
a^(n+l)=— 2— 2— sin 


<62> <^7lA-1, XsK^ ^-i^ ^c»l(seek length)* M-^l-ifljl, Nsk^ "-^^^ ^]^^ ^ 

<63> [^^^ 13] 

r, / 27in 


<64> c^7lA-i, TsM^ ^i:^ ^]^>* M-B^-^Cf. 

<65> 14] 

y^^W=-^ n — - sin 


<66> 7}^S. '^^[uE(n)]^ ^^S^}^ ^ ^^<^1 ^Mi. ^^^]^ ^1<H^(50)^ 

» *^ i^>ol3^ ^Sl-Ei (microcontroller) ^^11: (DSP-Digi tal 
Signal Process) ^(chip)-2-S. 

<67> Sit!: M:^ ^ «J-'^<H1 €^1-^ ^sV^ ^]^o_S. 

^^(25°C)«^lAi cf^ ^ IJJ)- ^o] ^o^^cf. 

<68> 
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IS. 1] 



1 

XSK=1 


1 

XsK=NT/3 


1 XsK=NT 

|XsK='ia<3 


1 Fwd 

1 Rev 

1 Avg 

1 CD 

1 m 

1 ID 

1 Avg 




1 0.55 

1 0.55 

1 0.55 

1 9.34 

1 9.32 

1 9.32 

1 9.33 

1 16.80 1 

9.05 

1 ^ 

1 0.47 

1 0.48 

1 0.47 

1 9.28 

1 9.20 

1 9.29 

1 9.26 

1 16.73 1 

8.89 


1 0.46 

1 0.45 

1 0.46 

1 9,00 

1 8.96 

1 8.99 

1 8.98 

1 16.43 1 

8.66 

1 ^ 

1 0.40 

1 0.41 

1 0.40 

1 8.95 

1 8.87 

8.98 

1 8.93 

1 16.39 1 

8.64 


<69> S l^l^i. ;^el(XsK)7V lolSf^ %^ MM. ^^^]7} o> 

^o] 2lnlt!:Cl-.)6lBl-^ ^^ M^ ^^]7} n^Wr NT/3 'jV^ o]^^]^] 

^ ^i^i^i-ji. xsK^v ^^ ^^]7} ^ oi-g-A] 

7]^ ^i^l^>:a. XsK^I- ^^^m^ ^^ ^i-e. ^^17> ^1.^1- EB«^ 
# <*1*>««17'1^ Slnl^>jl, Fwd^ ^]^^ 2lDl§>ji, Rev^ 

o]^^ $\xi]t}31^ Avg^ ^5^* SlDj^l-ji, OD^ Outer Diameter* s1p1^]-ji, MD^ 
Middle Diameter* ^fj^l-ji, id^ Inner Diameter* ^^^ItJ-i^f. 

<7o> is.^Ei -a: ^ $x^o]^ ^ «v,^ofl o^^v ^^ ^ ^efls^ 

^] ^ 1}-^^ ^l9^(Td')* JLBj^H 7l-^£l- ^7] t^l^ofl ^tt^ ^ 
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[^^%^ 11 

^ ^^i^s c^^ia. =£}oijdo:| a^js. ;^^]. 

21 

[^^^J- 31 

^£ ^^^^^ ^>7l 7>^£» ^SfS-f-E^ A^V7l ^l:^^ ^ 7>^ 

>a-7l 7V^£ ^^^4 ^^1 ^^s^e] >a-7l 9t s^oj 7]-^£» ^^^m ^^ 
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[^^% 4] 

^7] ^S. ^^^^ ^^1 ^^^^k^- ^7] ^S. 7}^^ ^7] n 

^^1 ^^^^ ^^*H 

^^1 ^^^^ ^7] S-S, ^^]^^B\ ^7] n^.^ ^^1 ^'LVtb 

>^7l ^iS.-^E^ ^7] ^S. ^ ^7] ^^11- 

^71 7}/^^^S.^B\ #^5]^ ^71 7>^iE ^71 dbi^ a1:^> ^j^^fjl, 

^^7] :^]^7l<HlAi ^]<^^ ^41- ^^^1-^, 2^^^ #^^1-^ ^11 ^^71; ^ 

^7l ;^ll ^^7loilA-1 ^41. ^7] ^7] ^^7]S. #^*>^ 

^12 2^^711- ^til^Vfe ^^3. ^H^-oltiO^ 

6] 



sin 


2%(n+l) 

NsK 
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[^y]^^. aw(n+l)^ 7}^^^ ^^^JL, M-E^vfl. 


X 


SK 


[ ^7]^^^, vw(n)^ i^HftflJl, TsM^ >S1-^ Al^V^ z^-z^- i^e]-^ 


c.e)-o]ti.oj ^3-^1. 


yy„(ij^y=— n sin 


SK 


2jt 


N 


SK 


^ ^^3. JE.efo]jdO^ ^Att 

8] 
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9] 

^^f^ ^^i-^S af>^ *>:^ cl^^ A^ii Bj-ig. 

[^^*c^ 10] 

» ^<L>*><^ ^71 7}^S. ^*>J1, 7V^i ^7] n^7} o]^^ 

^ ^^M Cfltb ^^o] ^7] ^ 7f^£l- ^^^^>^ ^^i^s 

3r>c. tq^a. =e|-oiti.s^ 1^1^. 
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Application No. 
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Title of the Invention: Apparatus and method for performing seek-servo routine of hard 
disk drive 


According to Article 63 of the Korean Patent Law, the applicant is notified that the 
present application has been rejected for the reasons given below. Any Argument or 
Amendment which the applicant may wish to submit, must be submitted by May 28, 2003. 
An indefinite number of one-month extensions in the period for submitting a response may 
be obtained upon request, however no official confirmation of the acceptance of a request 
for an extension will be issued. 


Reasons 

The invention as claimed in claim 1 could have been easily invented by one of 
ordinary skill in the art prior to the filing of the application, and thus this application is 
rejected according to Article 29(2) of the Korean Patent Law. 


Below 

Claim 1 relates to a seek-servo apparatus of a hard disk drive, which is capable of 
moving a head to a desired track location and includes an actuator moving the head to the 
desired track location in response to an acceleration command having a target acceleration 
which leads a target velocity and a target position by a predetermined time. Claim 8 claims 
a step of moving a head to a desired track location using an acceleration command having a 


1 



target acceleration that leads a target velocity and a target position by a predetermined time. 
However, Japanese Patent Publication No. hei 02-304777 (published 18 December 1990) 
discloses "a method for controlling a magnetic disk apparatus so as to locate a magnetic head 
apparatus at a target track", and Korean Patent Laid-open Publication No. 1991-15989 
(published 30 September 1991) discloses "a method for controlling the determination of a 
converter's location by calculating a target position, a target velocity, and a target 
acceleration every sampling period using a multinominal expression and placing a target 
object at a predetermined location based upon the target position, the target velocity, and the 
target acceleration." Accordingly, the present invention is considered to have been possibly 
invented by one skilled in the art based on the two cited references. 

2. It is unclear what "the gate pattern" in Claim 3 refers to because there is no gate 
pattern mentioned in Claim 1, to which Claim 3 belongs. 


Enclosure: Japanese Patent Laid-open Publication No. 02-304777 
Korean Patent Laid-open Publication No. 1991-15989 
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